\_\ AD

) /)
[ ,  R-TR-75-034
[

IMPROVED MANGANESE PHOSPHATE COATINGS

HENRY CRAIN

RESEARCH DIRECTORATE

DISTRIBUTION STATEMENT

Approved for public release, distribution unlimited.

GENERAL THOMAS J. RODMAN LABORATORY
ROCK ISLAND ARSENAL
ROCK ISLAND, ILLINOIS 61201



DISPOSITION INSTRUCTIONS: ’

Destroy this report when it is no longer needed, Do not return
it to the originator. .

OISCLAIMER:

The findings of this report are not to be construed as an official
Department of the Army position unless 30 designated by other authorized
documents,

/;;
[

-
e LT N NPT T Py
- .4 - Py e " v b




o e 8 p e -

UNCLASSIFIL
SEQURTTY CLASSFICATION 2F THIS PAGE Mhen Nate A, vnedl
a REPORT DOCUMENTATION PAGE
: '7, . 1 REAOAT NoNBEN- - - ; i GOVY ACCEISION NG 3 RECIPIENT'S CATAL DG NUMBFR )
"7 7]A-R-TR-75-838__/ | I i
T8 TITOE rena Subtitte) 8~ TYPE QF REPORT 8 PERIOC C YERED 3
s - ——eer T e TR Tt ) . 3
[} IMPROVED MANGAV[SE puosmmc COATINGS . 7 <_1/ Technical /. ;.}i /
I' g a _ K
L T o A
7 AUTHOR(a) 8 CONTRACY OR GRANT NUMBER(s)
Ry ]
- VoL -
“.4] Henry/Crain q
~ B e AT AT ey
ock Island Arsena ’
X DA 1T062105A328
GEN Thomas J. Rodman Laboratory
Rock Island, Ilinois 61201 | AM5-LodeS02EvH204-
1. CONTROL.ING QFF|ZE NAME AND ADDRESS - 1} NeronT-OrrTe-—
Director | 1/ Apruamie?s
Army Materials and Mechanics Research Center A s
Watertown, Massachusetts 02172 12
14 MONITORING AGENCY NAME & ADDRESS/(I diifarent from Cuntrolling Office) 18 SECURITY CLASS 7ot this repott;
- UNCLASSIFIED
e ~ S 182 DECLASSIFICATION DOWNGRADING
L N z, SCHEOULY
'€ DISTRIBUTION STATEMENT (of thia Reperty——- —— ~#> ’ -
Approved for public release, distribution un)imited. 1
-~ F \ 4
17 DISTRIBUTION STATEMENT (oi the aharract sntezed in Rtock 20, «f differ~nt feorm Report) . - 71 _ A‘-—; _T\’--‘—\\‘ j
v . . . :‘.‘ \ ;‘
——— e ) [ ;
/ - e e N ol ]
/j_z/,-L— i)=Y 4
10° SUPPeMENI AR LOTES e {
8
- o 4
19 HMEY WORADS /Tantinge an savaras eide if naressasv and tdentifv by Slock number)
1. Manganese phosphating 1
2. Conversion coatings ;
3. Phosphating bath f
AN
20 AOS&C? rConiinue on reverse eide !f necensary and | Jeantify by Bluock number)
Work was conducted to determine the mechanism by which superior manganese
phosphate coatings are producei. The phosphate coatings were applied at temp-
eratures above 2129F and with ..anganese-organic compounds added to the phos-
phating solution. Experimental baths and solubility studies have shown that
the manganese concentration in the bath is critical and that the main function
of the manganese-~organic compounds is to increase the manganese concentration, {
The necessity of a processing temperature higher than 212%F has beenattributed X} :

DD , 35", 1473  €omion oF 1 nov 68 1S oBSOLETE i UNCLASSIFIED

SECJURITY CLASSIFICATION OF THIS PAGE (VYhen Data E’umm
’ .
/ ) .
. P . / / 7

[ J




SECURITY CLABSIPICATION OF THit PAQE(Whan Dota Batered)

‘vo. Cont

manganese phosphate (Mng(P0.)3).

A

to an exponential increase in the reaction rate constant with temperature
for the conversion of manganese dihydrogen phosphate {Mn(H2P0,)2] to

-
. . i LN
ki ot b . s i e s ik im0 il ol ’

PRV PT TRV W T

s

IV PP ISR-L TN

i1

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

Adskaalis




TABLE OF CONTENTS

DD Form 1473 (Document Control Data - R&D) . . . . . . . . i

TABLE OF CONTENTS . . + « « « « « « v « v v « « « 1%

TABULAR DATA . . . © v v v v v v e s e e e v

INTRODUCTION . - . « + v « « « « « v « & « « « <

PRGCEDURE . .« . . « =« « « o « o « v v v o 0.2

RESULTS  + « v e e e e e e s

DISCUSSION  « = + « + v o v v e e e e e e e e B

CONCLUSIONS . . « + « + « « « « « v « « « « « « 8

RECOMMENDATIONS - « -« + « « v « « o « v « « . « . 8

DISTRIBUTION =+ + « + = « v v « « « « v . « . . 9

i




T SIS TR SRS

TABULAR DATA

I Analyses of Solution and Coating for Phosphating Baths 4
of Di7fering Compositions

Il Atomic Absorption Analysis Results )

11 Percentage by Weight of Manganese and Iron Present with 7
Increasing Temperature in a Phosphate Bath Enriched with
Manganese Tartrate

iv

e o —————— .~ * =y "




INTRODUCT ION

Manganese phosphate coatings have been applied to ferrous articles for
more than sixty years. The coatinas are simple to apply and offer an ex-
cellent base for of)l or paint treatment, These coatings by themselves are
required by specification MIL-P-16232 to withstand a 1-1/2 hour, S per cent
salt spray test.

The conventional manganese phosphatg*bath contains manganese dihydrogen
phosphate (Mn{#,P0,),], ferrous iron (Fe' '), and phosphoric acid (HyPO,).
The processing temperature range is usually 205°F - 210°F, The base metal
is pickied inftially by the acid; hydrogen is liberated and consequently
the pR of the solution is lowered at the metdl-solution interface. The
following hydrolytic reactions then occur to form the manganese and iron
phosphate coating: )

*
1
4. M(Hzmg)z : Mﬂ“P0~ + H,Pob

k;

ks
b, WHPO., = Mn,(PO..)z + H,S'Og

ki
ks
c. Fe(H,P0,); = FeHPO, + HaPO,
ke
ks
d. 3FeHPQ, pad Fey(P0y), + H3PO,
ke

*k represents the reaction rate constant

Recently, a new and vastly improved manganese phosphate coating was
produced in this laboratory. This new coating is formed by the addition
of a metal-organic compound such as manganese tartrate, manganese gluconate,
or manganese citrate to the conventional manganese phosphating bath and
processing at temperatures in excess of 212°F, This coating i{s capable of
withstanding more than a thousand hours in a 5 per cent salt spray test and
exhibits the same remarkable corrosion resistance even after being sub-
Jected to a 450°F heat treatment for one hour,




Several problems, however, have arisen in attempts to control the con-
tinuous reproduction of the superior coatings. To sulve these problems re-
quired fnitiation of this study to obtain a better understanding of the
underlying phenomena and reaction mechanisms of the modified manganese phos-
phating process.

PROCEDURE

The several phosphating baths that were used were of the following
compositions:

4. Manganese citrate bath - 10 grams/liter of manganese citrate was
added to the conventional bath.

b. Manganese tartrate bath - 10 grams/liter of manganese tartrate was
added to the conventional bath,

¢. Jlron-free bath - 20 grams/liter of manganese dihydrogen phosphate
Mn{H,P0, ). ] was added to deionized water. The free acid value
was adjusted to 2.0 with phosphoric acid (H4P0,) and manganese
carbonate (MnCO;).

d. Manganese dihydrogen phosphate bath - 10 grams/liter of Mn(H,P0,),
was added to the conventional bath,

A1l the above baths were operated at 213°F - 215°F. This temperature range
was achieved by use of steam pressures less than one p.s.1.9. in an auto-
clave type processing vessel,

The specimens were mild steel panels measuring 2 by 3 by 1/16 inch.
The specimens were degreased in trichloroethylene, abrasive-blasted with
steel grit, and processed in the selected phosphcting bath, Total immer-
sion time for the processing of steel panels was 35 minutes,

The phosphate coating was stripped by a five-minute immersion in a
solution of chromic acid heated to 200°F., The difference between the
weight of the panel after processing and the weight after stripping gives
the coating weight. The difference between the weight of the panel before
processing and the weight after stripping yields the amount of iron etched.

Concentrations of the manganese and iron present in the bath, coating,
and sludge were obtained by atomic absorption analysis. Titrations with
sodium hydroxide were used to determine the free and total acid values,
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Solubility studies were conducted in an attempt to measure the so-called
“inverse solubility" of the phosphates. The filtered precipitate was dried
and weighed from a known volume of phosphating solution that had been kept
in an fsothermal bath for a 30-minute period. The filtrate was then placed
in an {sothermal bath of higher temperature and the process outlined above
was repeated. Additional solubility data were obtained with samples taken
at regular temperature intervals from the processing autoclave, as the temp-
erature was increased,

A study of pH at the metal-solution interface versus time of process-
ing was attempted at various temperatures. In these experiments, a ball
of degreased steel wool was wrapped around a hydrogen electrode, and the
resulting pH was measured conttnuously on 3 recorder.

RESULTS
Various parameters of interest for the five types of phosphate baths
! used are summarized in Table 1. The free and total acid values are approxi-

mately the same for the conventional manganese gluconate bath and for the
manganese citrate bath. The Mn(H,PQ,}, and iron-free baths have a higher
total acid since an excess of Hn(Hzpousz was added to the solution. The
coating weights of the panels processed in baths containing some form of
manganese enrichment are much greater than those panels processed in the
conventional bath. The salt spray tests results show a five-hundred fold
increase in corrosion resistance for these panels processed in a manganese-
1 enriched bath as opposed to the conventional bath. The iron etched by

E pickling is also given in Table ],

3 Atomic absorption analyses of coatings, baths, and sludge to determine
percentage manganese and iron are shown in Table !i. Analyses of manganese
citrate, tartrate, and gluconate sludges and coatings have been previously
reported by Menke.! The manganese percentages for the coatings are very
close to the calculated value of 46 percent for manganese in Mny(P0,),.
Percentages for the solutions are in weiaht percent and show a decrease in

!
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% the manganese after each use of the processina solution, The fnsignificant ]
i amount of fron found in the coating of panels processed in the {ron-free i
[ bath arises from the use of technical grade Mn(H,P0,), and from the iron 3
: etched from the panel: themselves, ;
; 1 Menke, J,, "A Study of Manganese bhosphating Reactions", Rodman Laboratory, ‘

Rock Island Arsenal Technical Report RE-TR-71-60, 1971,
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TABLE 11

i,

Atomic Absorption Analysis Results

Description of Sample Percent Manganese by height

Sludges: :
Conventional 12,5% §
Manganese citrate 28.2%
Manganese dihydrogen phosphate 18,6%

Coatings from:

Iron free bath (1st run) 39%

Iron free bath (2nd rung 37y

Iron free bath (3rd run 46%

Solutions: Before and after processing.

Iron free before 0.65% .

Iron free after— 'St run 0.60¢~ 8% Tun

Iron free before 0.68%

Iron free after— 2nd run 0.54% 2nd run

Iron free before 0.62

Iron free after':>3rd run 0.50;:>3rd run 3
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Data for the solubtality studies was ¢ifficult to obtain, In the study
conducted by heating nhosohate solutions in isothermal baths, a larger amount
of precipitate was formed as the temperature of the bath was increased. HHow-
ever, the solubility was not oniy temperature-depencent but also time-depen-
dent. Hence, even after the precipitate had been filtered from the solution,
more formed tecause of the time dependency of precipitate formation. Atomic
absorption analysis results for a solubility study that had been performed
by the withdrawing of samples from the processing vessel at regular temp-
erature intervals show an increase in precipitation with temperature (Table
I11). The largest increase in the amount of precipitate formed occurs between
200°F - 220°F,

A study of pH versus time of proacessing for various temperatures and
additives was conducted to determine whether any relationship existed among
these variables. liecause of difficulties with the pH electrodes at the
increased pressures, the results for temperatures above 210°F were impossible
to obtain. For temperatures below 21G°F, the piots varied slightly; but no
d.finite relationships or trends cculd be established.

DISCUSSION

In the first experiments performed to produce superior corrosion resis-
tant manganese phosphate coatings, manganese organic compounds were used.
At that time, the perneficial effects of the manganese organic compounds were
attributed to tne ornanic part of the compound, The citrate, tartrate, and
gluconate ions a=c + o' nown for their chelating action: thus, investigaters
postulated that pertaps the manganese 19n wds neid in solution by the chelate
or combined with the iron to prevent its incorporation into the coatinn.
Possibie catalytic activity or buffering effects were also offered 3, explana-
tions of the increased corrosiun resistance. These experiments, nowever,
indicate that the common factor for irncreased corrosicn protection §s manganese
enrichment of the bath. All the iaths that have yielded superior coatinas have
contained added amounts of manaanese. Of more importance is the success of the
conventional bath with 10 grams/1iter of excess Mn(H,P0),; thus, the complete
absence of any chelating ion indicates that the concentration of manganese is
extremely critical in the production of corrosion resistant coatings. For
elimination of the presence of iron as a factor in phosphatina, a bath contain-
ing only Mn{H,P0.),, ii,P(,, and deionized water was used. This bath produced
four consecutive sets of phosphated panels that sustained salt spray tests for
more than 1000 hours. Tne only intermittent addition made to the bath was
manganese carbonate used to lower the free acid. The increase in mangyanese con-
centration permits more Mn,(PC,), to be formed and, consequently, leads to a
thicker, more protective coatinc. Because this coating is thicker, the amount
of free pore arca in tho coatina probably decreases so that less of the steei
is exposed to corrosion,
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TABLE 111

Percentage by Weight of Manganese and Iron Present with
Increasing Temperature in a Phosphate Bath
Enriched with Manganese Tartrate

sosbalban bt 7362 !
. e deg ." & é o ‘. ‘..‘ . i -

Temperature Percent Manganese Percent lron
100°F 0.2 0.0034
E
200°F 0.23 0.0030 i
220°F 0.17 0.0027
H
240°F 0.14 0.0034 3
250°F 0.13 0.0029 i
260°F 0.12 0.0038
BO°F* 0.18 0.0034 i3
*stock bath unenriched ; E
i
;
2 9
i
7 .
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The other important factor necessary to produce superior phosphate
coatings is that of a processing temperature above 212°F, Some investi-
gators have used the term "inverse solubility" to explain the formation
of more precipitate as the temperature is increased. However, the time
dependency for precipitation, a5 shown in the solubility studies, indicates
that the mechanism is a kinetic¢ one rather than a solubility mechanism.

The equation for a rate constant is given as:

« = pe-ba/RT

where A = Constant

Ea= Energy of activation

T = Absolute temperature

R = Constant
As temperature increases, the rate constant will increase exponentially.
Thus, for this particular phosphating system, the increase in temperature
above 212°F becomes very important for the conversion of the soluble
Mn(H,P0,), to the insoluble Mn3(POy),. The iucrease in Mn3(P0,); formation

produces thicker coatings and, consequently, less free pore area for
corrosion sites.

CONCLUSIONS

a. The manganese concentration in the phosphating solution is critical
for producing coatings with superior corrosion resistance.

b. The main function of the manganese organic compounds is to provide
the bath with an increased manganese concentration,

c. The exponential increase with temperature of the kinetic rate con-

stant for the conversion of Mn{H,P0,), to Mn3(PO,), is an important factor
for processing at temperatures higher than 212°F,

RECOMMENDAT IONS

Further work should be conducted to determine:

a. the critical manganese concentration needed to produce a superior
coating,

b. the differences in free pore areas that exist between conventional
and Mn-enriched phosphate coatings, and

c. a method to convert the Mn;(P0,), sludge to the useful form of
Mn(H,P04),.
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